This research involved a simulation comparing three days of actual traffic data for the I-95 Express Lanes and General Purpose Lanes in Miami, Florida to a hypothetical scenario where all transportation demand management (TDM) activities and toll exemptions were eliminated. The purpose of the research was to quantify the extent to which carpooling, vanpooling, and transit usage contribute to better traffic flow in the I-95 corridor. The express lane analysis revealed a slight degradation in level of service (LOS) and a moderate increase in tolls in the southbound direction (+$0.41). It revealed a slight improvement in LOS and a slight decrease in tolls in the northbound direction (-$0.19) . A phenomenon that occurred was that a large number of inherently low emission vehicles (ILEVs), which are toll exempt, opted out of the express lanes in the hypothetical scenario. The increase in express lane volume from former carpoolers, vanpoolers, and transit riders reverting to single occupant status was often offset by even larger volumes of ILEVs leaving the express lanes. Although the traffic impact to the express lanes was mild, the impact to the general purpose lanes was more severe. In the hypothetical scenario, the general purpose lanes operated at LOS F 22 percent more of time in the southbound direction and 8 percent more of the time in the northbound direction. Furthermore, the traffic densities in the general purpose lanes increased 100 percent of the time in the southbound direction and 94 percent of the time in the northbound direction.
Executive Summary
This research involved a simulation comparing three days of observed traffic data for the I-95 Express Lanes and General Purpose Lanes in Miami, Florida to a hypothetical scenario where all transportation demand management (TDM) activities and toll exemptions were eliminated. The purpose of the research was to quantify the extent to which carpooling, vanpooling, and transit usage contribute to better traffic flow in the I-95 corridor. The express lane analysis revealed a slight degradation in level of service (LOS) and a moderate increase in tolls in the southbound direction (+$0.41). It revealed a slight improvement in LOS and a slight decrease in tolls in the northbound direction (-$0.19) . A phenomenon that occurred was that a large number of inherently low emission vehicles (ILEVs), which are toll exempt, opted out of the express lanes in the hypothetical scenario. The increase in express lane volume from former carpoolers, vanpoolers, and transit riders reverting to single occupant status was often offset by even larger volumes of ILEVs leaving the express lanes. Although the traffic impact to the express lanes was mild, the impact to the general purpose lanes was more severe. In the hypothetical scenario, the general purpose lanes operated at LOS F 22 percent more of time in the southbound direction and 8 percent more of the time in the northbound direction. Furthermore, the traffic densities in the general purpose lanes increased 100 percent of the time in the southbound direction and 94 percent of the time in the northbound direction. 
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Chapter 1 Introduction
The I-95 Express Lanes in Miami, Florida are dynamically tolled managed lanes. Single occupant vehicles (SOVs) must pay a toll to use the lanes. Registered 3+ carpools, vanpools, motorcycles, inherently low emission vehicles (ILEVs), and transit buses are exempt from the tolls. Transit and transportation demand management (TDM) activities play an important role in the operation of both the express and general purpose lanes by increasing person throughput and improving traffic flow.
Initial sketch planning done by the Florida Department of Transportation (FDOT) showed that roadway level of service (LOS) in the general purpose lanes would be degraded were it not for the transit and TDM components in the express lanes. The National Center for Transit Research (NCTR) took this sketch planning a step further. The research approach used was to compare three days of observed traffic and toll data (April 8-10, 2014) to simulated traffic and toll data under a hypothetical scenario where there were no toll exemptions or express bus service.
The research involved several tasks. The first task involved assembling all of the traffic and toll data into 15-minute increments by direction for both the express and general purpose lanes for the three days of analysis. This was relatively easy to do since the FDOT already collects a large amount of traffic and toll data in the I-95 corridor. Each 15-minute increment included data on the average speed, volume, and level of service (LOS), the average toll amount in the express lanes, the number of transit riders, the number of registered high occupancy vehicles (HOVs), and the number of registered ILEVs. The second task involved surveying riders of the I-95 Express Bus Service, registered carpoolers and vanpoolers, and registered ILEVs owners to ask them how they would travel if there was no express bus service or toll exemptions. The third step involved using the survey data to make adjustments to the actual traffic volumes in the express and general purpose lanes. The changes in volumes led to changes in speeds, traffic densities, and in the case of the express lanes, changes in toll amounts. The fourth and final step involves comparing the two datasets (the actual and the hypothetical) to see what impacts occurred.
Chapter 2 Literature Review
The Federal Highway Administration (FHWA) reports that there are a total of 345 HOV facilities in the United States (Federal Highway Administration, 2008) . However, the carpool rate has been dropping for decades. Most recently, carpooling declined from 10.7 percent in 2003 to 9.7 percent in 2012 both in Florida and nationwide (Florida Department of Transportation, 2013) . With carpool rates having dropped, HOT lanes have evolved as a way to make better use of unused capacity (Swisher, Eisele, Ungemah, & Goodin, 2003) . In HOT lanes, carpools and transit use the facility for free while other vehicles pay a toll to take advantage of the excess capacity. The minimum occupancy requirement can vary. Some HOT facilities allow HOV-2's to use the facility for free while others only allow free access for HOV-3's. Some require HOVs to register, but most do not have this requirement. Table 2 -1 shows the HOV policies for 11 HOT facilities in the U.S.
Table 2-1 HOV Toll Policies on HOT Lanes
Sources: Agency websites Note: HOVs on the I-10 Katy Managed Lanes in Houston are allowed to use the lanes for free between 5 and 11 am and 2 to 8 pm Monday through Friday. At all other times, they must pay the toll.
Almost all of the HOT facilities allow HOV-2's to use the lanes for free. Other than the I-95 Express Lanes in Miami, the only other HOT lanes that require HOV-2's to pay a toll are the I-10 Express Lanes in Los Angeles, the I-10 Katy Managed Lanes in Houston, and the I-85 Express Lanes in Atlanta. The HOV policy of the I-10 Katy Managed Lanes requires further explanation. All HOVs are allowed to use the HOT lanes for free during the peak hours. They only have to pay a toll during non-peak hours. The peak hours are 5 to 11 a.m. and 2 to 8 p.m. Monday through Friday. The only HOT facilities besides the I-95 Express Lanes that have registration requirements for HOVs are the I-110 and I-10 Express Lanes in Los Angeles and the I-85 Express Lanes in Atlanta. A brief history of a few of the HOT lanes in Table 2-1 follows. In 1996, the San Diego Association of Governments (SANDAG) and Caltrans converted the HOV lanes on an 8-mile stretch of I-15 into HOT lanes. From 1996 to 1998, single occupant drivers were charged a monthly fee for unlimited usage of the I-15 Express Lanes. In 1998, the switch was made to variable dynamic pricing. The Inland Breeze was the name of the bus service initiated on the I-15 Express Lanes and was funded by the toll revenues. This congestion pricing project was formally evaluated by San Diego State University (SDSU). The evaluation reported that ridership on the Inland Breeze increased by 9 percent during the study period while ridership in the entire region increased 23 percent. Surveys showed that most of the Inland Breeze passengers were captive riders who had switched from other bus routes and were traveling in the reverse commute direction (Supernak, Brownstone, Golob, Kaschade, Kazimi, & Steffey, 2001 ).
Another early HOT project was the I-394 MnPass lanes in Minneapolis. They opened in 2005, and like the I-15 Express Lanes were an HOV to HOT conversion. Lee Munnich from the Hubert H. Humphrey Institute of Public Affairs at the University of Minnesota and Kenneth Buckeye from the Minnesota Department of Transportation reported on nine issues and outcomes of the I-394 MnPass project. Issue 8 was the concern that transit riders and carpoolers might suffer due to the adaption from HOV to HOT if there was a level of service (LOS) degradation. They reported that the I-394 MnPass project had no negative impacts on transit riders or carpoolers. The preliminary data indicated that transit usage in the I-394 corridor had improved more than that of the control corridor on I-35W. They reported also that transit users supported the idea of allowing solo drivers into the lane for a fee (Munnich & Buckeye, 1996) .
A 2008 study by Katie Turnbull of the Texas Transportation Institute examined the impacts on transit that resulted from the conversion of HOV lanes into HOT lanes. The paper looked specifically at the experience with HOT lanes on I-15 in San Diego, I-394 in Minneapolis, and I-25 in Denver. Turnbull noted that transit was an important component in the I-394 and I-25 projects but was not as important a component in the I-15 project originally. On I-15 in San Diego, most of the bus ridership was initially in the reverse commute direction. To better serve peak direction commuter trips, the transit service plan was revised in 1999. There are now four express bus routes that operate in the I-15 Express Lanes, and bus riders account for 10 to 11 percent of the Express Lane users. On I-394 in Minneapolis, ridership levels remained relatively constant from 2005 until 2007. The report states that bus ridership growth on I-394 was limited due to constraints at the park and ride lots, most of which were at capacity. In Denver, approximately 10,400 bus passengers use the I-25 HOT lanes daily (at the time of the report). Buses on the I-25 HOT lanes account for only 2 percent of the vehicles but 25 percent of the people (Turnbull, 2008 The formal evaluation of the Urban Partnership Agreements (UPAs) has provided the most up to date research on the impacts to public transit from priced managed lanes. In 2010, early results of transit user perceptions of the I-95 HOT lanes in Miami were reported in the Journal of the Transportation Research Board. Pre-and post-deployment surveys of the bus riders showed that the I-95 bus service was already highly rated when the Express Lanes were HOV and that the service ratings increased even further after the HOT conversion. Furthermore, the surveys showed that the ratings for travel time and service reliability improved by margins that were statistically significant at the 99 percent and 95 percent confidence levels, respectively (Cain, Van Nostrand, & Flynn, 2010) . More recent transit results from the UPA evaluation will be reported in a forthcoming issue of the Journal of the Transportation Research Board. The article, Impacts to Transit from Variably Priced Tolls Lanes by Pessaro, Turnbull, and Zimmerman, reported several findings from the Miami, Minnesota, and Atlanta projects. In Miami and Minneapolis where speed data was available, buses speeds increased by 37 mph and 29 mph respectively. Ridership (a.m. peak period) increased in each of the corridors after tolling: 57 percent in Miami, 8 percent in Minneapolis, and 21 percent in Atlanta. The overall perception of the HOT lanes by bus riders has been positive. In Miami, 53 percent of new riders said they were influenced to take transit because of the HOT lanes. In Minneapolis, it was 23 percent. In Atlanta, it was 45 percent (Pessaro, Turnbull, & Zimmerman, 2013) .
Next, the literature review looked at research that addressed defining the role of TDM in priced managed lanes. Both Ungemah and Goodin noted in two separate reports that as more HOV lanes are converted into HOT lanes, there is a need for research and guidance on defining the role of carpools in priced managed lanes and the tradeoffs between carpool exemptions and other project objectives (Ungemah, Goodin, Dusza, & Burris, 2007) (Goodin, 2009 ). The 2009 report by Goodin used HOV policy data collected from eight metropolitan areas with existing or planned HOT facilities to develop a matrix illustrating the tradeoffs between alternative HOV policies and a variety of managed lane performance objectives. The matrix is shown below in. Table 2 -2. Determining the right HOV policy depends upon the project objectives. For example, if maximizing person throughput is the primary objective, the HOV policy should be more liberal. The opposite would apply if revenue generation were the primary objective. If enforcement and operations simplicity is the highest priority, the best HOV policy would be for all vehicles to pay the toll. Finally, the literature review looked for previous research that specifically tried to measure the impacts of TDM on priced managed lanes in a manner similar to what is being proposed for this NCTR project. Only two other pieces of similar research could be found. In 2009, Mark Burris from the Texas Transportation Institute conducted a stated preference survey of travelers in Houston and Dallas. The results were used to develop a mode choice model that would predict the impact of converting the Katy Freeway HOV lane into an electronic toll lane. Three scenarios were tested. In Scenario 1 where HOV-2's paid half the SOV toll, the results showed that there was very little change in HOV-2 volumes even as the toll increased. In Scenario 2 where HOV-2's paid the full toll, the percentage share of HOV-2 volume dropped from 8.9 percent to 7.6 percent as the toll increased. In Scenario 3 where all vehicles paid the toll, the percentage share of HOV-3's dropped from 6.9 percent to 5.3 percent. In terms of absolute numbers, the study concluded that the impacts of the changes in HOV policy were small compared to the entire traffic stream. However, the impact on the percentage of travelers using each mode was measurable (Burris, 2009) .
A 2007 NCTR study by Phil Winters used CORSIM to measure the impacts of 189 employerbased TDM programs along an 8.6 mile segment of I-5 in Seattle. The research compared two scenarios. Scenario A: "With TDM" represented existing traffic conditions on the 8.6 mile segment. Scenario B: "Without TDM" represented traffic conditions with the vehicle trips reduced by the employer based programs added back onto the corridor. Most commuter assistance programs/rideshare agencies use measures of performance such as the number of commuters requesting assistance, the number of vanpools in service, and the number of vehicle trips and vehicle miles eliminated. By using CORSIM, the study sought to measure the impacts of TDM using performance measures more familiar to traffic operations professionals. Some of these performance measures included recurring delay in vehicle-minutes, average speed in miles per hour, spatial extent of congestion, temporal extent of congestion, and fuel consumption in gallons. The results of the CORSIM analysis showed for example that average speeds in the 8.6 mile corridor were up to 19 miles per hour faster in the a.m. peak period and up to 11 mile per hour faster in the p.m. peak period because of the vehicle trips reduced through the employer programs (Winters, Labib, Rai, & Zhou, 2007) .
As stated at the beginning, this objective of this research is to calculate the difference in peak period traffic density, LOS, and toll rates on the I-95 Express Lanes under a hypothetical scenario where there is no transit or TDM component. The literature review revealed that no similar research has been attempted so far other than the research performed by Winters. Therefore, this NCTR research has the potential to add to the body of knowledge on priced managed lanes and TDM.
Chapter 3 Methodology
The 95 Express Toll Facilities Operations Manual is the guidebook used by the Florida Department of Transportation (FDOT) to set the parameters for adjusting the tolls on the I-95 Express to maintain a minimum speed of 45 miles per hour. Therefore, the discussion of the proposed methodology for estimating TDM and ILEV impact on managed lane toll prices begins here. The operations manual states that the tolls are based on traffic density. The formula in the Highway Capacity Manual for calculating traffic density is as follows: After the new traffic density is calculated, the electronic toll calculation system uses a look-up table called the Delta Settings Table to determine the change in toll based on the change in traffic density. The full Delta Table is shown in Appendix A. The toll collection system also incorporates minimum and maximum tolls, which are shown in Table 3 -2. The new toll is compared to the minimum and maximum tolls. If the new toll falls within the range, the new toll is applied. If it falls outside the range, the minimum or maximum toll is applied instead. The step-by-step process (algorithm) for calculating the toll is shown in Figure 3 -1. First, the change in traffic density (∆TD) is calculated by subtracting the traffic density for the previous 15-minute interval (TD t-1 ) from the traffic density for the current 15-minute interval (TD t ).
Figure 3-1 Toll Calculation Methodology
Source: 95 Express Toll Facility Operations Manual Next, the toll adjustment (∆R) is calculated using the Delta Settings Table (Appendix A) . To do that, one locates the appropriate row on the left side of the table for current traffic density and then goes across to find the correct change in toll based on the change in density. The toll adjustment (∆R) is added to the toll from the previous 15-minute interval (R t-1 ) to get the current toll (R t ). In the final step, the current toll is compared to the minimum and maximum toll for the current traffic density. If the current toll falls within the minimum and maximum range, the current toll is applied. If the current toll falls outside the minimum or maximum, the minimum or maximum toll is applied. An example is provided below.
Example
Given:  Previous toll (R t-1 ) is $0.25  Previous traffic density (TD t-1 ) is 12  Current traffic density (TD t ) is 16
Using the process outlined in Figure 3 -1:
Step 1: ∆TD = TD t -TD t-1 → 16 -12 = 4
Step 2: Using the Delta Table, a TD t of 16 yields a toll change (∆R) of +$0.50.
Step 3: R t = R t-1 + ∆R → $0.25 + $0.50 = $0.75
Step 4: The current traffic density, 16, falls within the range for LOS B (see Table 3 -2). The minimum toll is $0.50, and the maximum toll is $1.50. Since $0.75 falls within the minimum and maximum, $0.75 is applied.
Data Sources
The analysis will use three days' worth of data from April 8 to 10, 2014. These days were selected because they were the days on which FDOT conducted its most recent vehicle occupancy surveys of the I-95 HOV lanes. The study will use five sources of data. 4. Survey Data -Surveys were conducted of three groups of commuters: 3+ carpoolers, ILEV owners, and bus riders. The first two groups are required to register with South Florida Commuter Services (SFCS) in order to be exempt from the tolls. Because their email addresses are in the SFCS database, they were contacted via e-mail to complete an online survey. For the bus riders, SFCS conducted intercept surveys at the park and ride lots served by the eight bus routes that operate in the I-95 Express Lanes. All of the surveys asked how they would make their trip if there were no toll exemptions and no transit service in the express lanes. The results were used to estimate the percentage of carpoolers and bus riders who would revert to single occupant vehicle (SOV) and pay the toll and the percentage of ILEV owners who would opt out of the I-95 Express Lanes if they were no longer toll exempt. The survey questions and results are shown in Appendix E Surveys.
Assignment of Transit Riders
The transit ridership was aggregated by trip, meaning the departure time from the first stop. However, we had to account for travel time from the first stop to when the bus was physically in the express lanes. Because the traffic data for the express lanes was provided in 15-minute increments, we have to assign the bus riders to the correct 15-minute time analysis period. For example, if the 6:00 a.m. departure had 20 passengers and it takes that bus 30 minutes to reach the start point of the express lanes, those 20 riders should be assigned to the 6:30 to 6:45 a.m. analysis period.
We consulted the route schedules of each bus route and Google Maps to estimate the travel time from the first stop to the entry point of the I-95 Express Lanes. Based on that analysis, the following guidelines were used when assigning the transit ridership figures to the appropriate 15-minute analysis period. 
Sample Calculation of Toll with TDM Activities Removed
To better illustrate the method that was used, we will provide a sample calculation for one of the 15-minute periods. Specifically, we will do a sample calculation for the 7:15 to 7:30 a.m. time period in the southbound direction for April 8, 2014. The following data is given: Step 1: Calculate the change in Express Lane volume.
The first step is to calculate the change in express lane volume that would result from carpoolers, ILEV drivers, and bus riders changing their method of travel in the hypothetical scenario. First, we calculate for the carpoolers. There were 2.5 carpool vehicles per lane for the 7:15 to 7:30 a.m. analysis period. According to SFCS, the average vehicle occupancy (AVO) of the registered carpools on the I-95 Express Lanes is 3.1 passengers. An AVO of 3.1 applied to 2.5 carpools equates to 7.8 single occupant vehicles (SOVs). In the survey of registered carpoolers, 27.1 percent said they would drive alone in their own vehicle and pay the toll if they could no longer use the I-95 Express Lanes for free as a carpooler. Applying 27.1 percent to 7.8 SOVs equates to 2.1 SOVs from former carpoolers in the hypothetical scenario. Since there were 2.5 carpool vehicles under actual traffic conditions, there was no net increase in vehicles from former carpoolers (2.1 ≈ 2.5). To get the adjusted volume for the hypothetical scenario where there are no TDM activities and no toll exemptions, the additional vehicles from former carpoolers and bus riders are added and the reduction in ILEV vehicles are subtracted. The calculation in this example would be: 350 + 0 + 55 -7 = 398 vehicles.
Step 2: Calculate the new traffic density.
The tolls on the I-95 Express are based on traffic density. Traffic density = volume ÷ speed. To calculate the new density, we must first estimate the new speed with the adjusted volume. To do that, we will use the Highway Capacity Manual's Speed Flow Curves. The equations used for the HCM speed flow curves are shown in Figure 3 -2.
Source: Highway Capacity Manual In order to estimate traffic speed under the hypothetical scenario with the TDM activities and toll exemptions removed, we will use the HCM formulas in Figure 3 -2. For example, when estimating the new speed for the I-95 Express Lanes in the southbound direction, we will use the formula 65 -0.00001418 (v p -1,400) 2 where v p equals the flow rate under the hypothetical scenario with the TDM activities and toll exemptions removed. For a road with a free-flow speed of 65 mph, the breakpoint volume is 1,400 vehicles per hour per lane. In theory, this means that speeds will only begin to deteriorate after the volume goes over 1,400.
If the hypothetical flow rate (v p ) is less than the breakpoint volume, it will be assumed that there is no change from the actual recorded speed that was reported because there is still available roadway capacity. The HCM speed will not be calculated, and the actual recorded speed will be retained to calculate the new density. If the hypothetical flow rate is greater than or equal to the breakpoint volume, the HCM speed will be calculated and compared to the actual recorded speed. The study will default to the lower of the two speeds when calculating the new density.
From
Step 1, we know that the new 15-minute volume is 398 vehicles per lane. We have to convert this 15-minute figure into a 1-hour flow rate. The calculation is 398 x 4 = 1,592 vehicles per hour per lane. Since 1,592 vehicles are over the 1,400 breakpoint, we will calculate the HCM speed. The HCM speed is 64 mph. However, the actual recorded speed was 55 mph, and the methodology says we will defer to the lesser of the two speeds. Therefore, 55 mph will be used to calculate the new density. The new density is 29 vehicles per mile per lane (1,592 ÷ 55 = 29).
Step 3: Calculate the change in density.
The formula for calculating the change in density is ∆TD = TD t -TD t-1 where TD t equals the current traffic density and TD t-1 equals the previous traffic density. The current traffic density is the density under the hypothetical scenario (29 pcphpl). The previous traffic density is the traffic density under actual traffic conditions (26 pcphpl). In this sample calculation, ∆TD = 3.
Step 4: Calculate the change in toll rate.
The change in toll rate (∆R) is determined by using the change in traffic density (∆TD), the current traffic density (TD t ), and the Delta Settings Table. In this case, ∆TD = +3 and TD t = 29. According to the Delta Settings Table, the change in toll is $1.00 Step 5: Calculate the new toll.
Recall that the toll was originally $3.00. Under the adjusted traffic volume, the new toll will be $4.00 ($3.00 + $1.00).
Step 6: Check the new toll against the min and max.
The current traffic density, 29, falls within the range for LOS D (see Table 3 -2). The minimum toll under LOS D is $4.00, and the maximum toll is $10.50. Since the calculated toll of $4.00 falls within the minimum and maximum, $4.00 is applied.
Step 7: Summarize the results. In this example, there was an increase in volume and density in the hypothetical scenario with the TDM activities and toll exemptions removed. This caused an increase in the toll amount. The LOS remained the same because the increase in volume was not large enough to degrade to the next LOS level. The sample data shown above is only for one, 15-minute segment in the morning peak period in the southbound direction. Furthermore it was only performed for the express lanes. These same steps will be repeated for each 15-minute segment of the morning and afternoon peak periods for both the express and general purpose lanes.
Chapter 4 Findings
The analysis compared three days of actual traffic and toll data from April 8-10, 2014 to simulated traffic and toll data under a hypothetical scenario where there were no express bus service or toll exemptions. The data was aggregated into 15-minute increments by peak period and peak direction. The analysis included data from 6:00 to 9:00 a.m. southbound and 4:00 to 7:00 p.m. northbound. The summary tables of the research findings are provided below while the full data tables are located in Appendix F. Table 4 -1 compares the percentage of time the express lanes were at a given LOS under the two scenarios. The columns marked "w/TDM" represent actual traffic conditions from April 8-10. The columns marked "w/o TDM" represent the hypothetical scenario. What Table 4 -1 shows is that there was a mild degree of LOS degradation in the southbound direction. Under the hypothetical scenario with all TDM activities and toll exemptions removed, the express lanes operated at LOS B 5 percent less of the time and at LOS C 9 percent more of the time. The average toll was $0.41 higher. In the northbound direction, there was surprisingly a slight improvement in the LOS. Under the hypothetical scenario, the express lanes operated 3 percent more of the time at LOS C and 3 percent less of the time at LOS D. The average toll would have been $0.19 lower. The reason for this will be explained in a moment. The analysis also looked at changes in traffic density and volumes. Because each LOS covers a range of traffic densities as shown in Table 4 -2, it is possible for traffic densities to increase without crossing an LOS threshold. Such increases still represent a degradation of traffic flow because as traffic density increases, it becomes more difficult to change lanes. Table 4 -3 shows how often the change in density and volume under the hypothetical scenario was the same, better, or worse compared to the actual traffic scenario. What it shows is that 47 percent of the time in the southbound direction and 36 percent of the time in the northbound direction, the traffic density under the hypothetical scenario got worse (i.e., it increased). Getting back to the question of why was there a slight improvement in the northbound direction, the reason has to do with inherently low emissions vehicles (ILEVs). As shown in Figure 4 -1, ILEVs accounted for 64 percent of the toll exempt trips. In contrast, carpools, vanpools, and transit only accounted for 36 percent of the toll exempt trips. Furthermore, a large percentage of ILEV owners (77.3%) stated in the survey that they would opt out of the Express Lanes if there was no toll exemption for them. In contrast, the percentage of carpoolers/vanpoolers who said they would revert to SOV and pay the toll if there was no toll exemption for them was low (27.1%). For the bus riders, the percentages varied by route, but the highest was 26.3 percent. What often happened in the hypothetical scenario was that the increase in volume from carpoolers/vanpoolers and transit riders reverting to SOV was offset by even larger numbers of ILEV owners opting out of the express lanes. Table 4 -4 compares the percentage of time the general purpose lanes were at a given LOS under the two scenarios. In the hypothetical scenario with all TDM activities and toll exemptions removed, the general purpose lanes operated at LOS F 22 percent more of time in the southbound direction and 8 percent more of the time in the northbound direction. As shown in Table 4 -5, traffic densities in the general purpose lanes under the hypothetical scenario increased 100 percent of the time in the southbound direction and 94 percent of the time in the northbound direction. In the northbound direction, there were only two instances in all of the 15-minute periods that were analyzed where the traffic density remained the same. In all of the others, the traffic density increased. 
Chapter 5 Conclusions
The conclusion of this research is that TDM activities do in fact provide a benefit, albeit a minor one, to other commuters in the I-95 Express Lanes in the form of better LOS and lower tolls. They provide a greater benefit to commuters in the general purpose lanes, who would otherwise suffer from even worse traffic congestion. An unanticipated finding from the research was the important role that ILEV vehicles in the express lanes play in the reducing traffic congestion in the general purpose lanes. This leads to a policy dilemma. As pointed out by Robert Poole from the Reason Foundation, toll exemptions of any kind (1) reduce the power of variable pricing to eliminate congestion in the HOT lane, and (2) reduce the revenue needed to expand from just individual priced lanes to whole networks of lanes (Poole, 2014) . On the one hand, the toll exemption for ILEVs is keeping these cars out of the general purpose lanes.
On the other hand, as ILEVs grow in popularity and number on the roadways, they will undermine the power of variable pricing in the express lanes. 
